Objectives: VIM-type enzymes are among the most widespread acquired metallo-b-lactamases among Gramnegative pathogens. Integron In70 is a class 1 integron that has emerged as a successful genetic support for bla VIM-1 (one of the most prevalent bla VIM allelic variants) in Gram-negative non-fermenters, and is usually chromosome borne. The objective of this study was to characterize plasmid pAX22 from Achromobacter xylosoxidans AX22, which represents the only In70-harbouring plasmid known so far, to gather insights into the mechanisms of evolution and dissemination of In70-like elements.
Introduction
Acquired metallo-b-lactamases (MBLs) are resistance determinants of increasing clinical relevance among Gram-negative pathogens. They can confer a very broad spectrum of resistance to b-lactam antibiotics that is not reversible by the available b-lactamase inhibitors, and they are able to horizontally disseminate via mobile genetic elements (MGEs). 1 Of the different types of acquired MBLs thus far described, VIM-and NDM-type enzymes are the most widespread in terms of geographical distribution and range of bacterial hosts. 1 The VIM-type MBLs were first detected in Pseudomonas aeruginosa and other Gram-negative non-fermenters in Europe, 2 -5 and have subsequently been observed worldwide, in both Gram-negative non-fermenters and Enterobacteriaceae. 1 Genes encoding VIM-type MBLs are carried on class 1 integron-borne gene cassettes, and have exploited the class 1 integron recombination system for dissemination among Gram-negative pathogens. 1 VIM-1 was originally detected in isolates of P. aeruginosa and Achromobacter xylosoxidans from northern Italy, 2, 4 and is one of the most common VIM-type allelic variants encountered in Europe, where it has been associated with sporadic cases, outbreaks and even epidemic spread. 1, 6 In the VIM-1-positive index strains of P. aeruginosa and A. xylosoxidans, the bla VIM-1 gene was carried by In70 class 1 integron platforms, 4, 7 which have emerged as successful genetic platforms for spreading bla VIM-1 among P. aeruginosa. In fact, VIM-1-producing P. aeruginosa carrying In70 have been reported from Italy, France, Spain and Australia, 8 -11 and the association of In70 with high-risk clones of P. aeruginosa (e.g. ST235 and ST111) has apparently contributed to such a successful dissemination. 12 In VIM-1-producing P. aeruginosa, In70 was found to be chromosome borne, and associated with Tn402-like defective transposons that, in turn, are associated with Tn5051-like transposons or with the complex transposon Tn6060.
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The pAX22 plasmid from the VIM-1-producing A. xylosoxidans index strain AX22 represents the only known plasmidic support for In70. 4 Here we report on the structure of this plasmid, which reveals new insights into the mechanisms of In70 mobilization.
Materials and methods
The pAX22 plasmid was extracted from an Escherichia coli DH5a transformant 4 using a commercial kit (PureYield TM Plasmid Preps, Promega,
Madison, USA). The complete nucleotide sequence was obtained by pyrosequencing using the Roche 454 GS Junior sequencer (Roche\454 Life Science, Switzerland) according to the manufacturer's instructions. A draft sequence was assembled using Roche Newbler software (v. 2.4) and gaps were filled using a PCR-based strategy. The nucleotide sequence was annotated using the BASys tool, 13 and manually revised. Sequence comparisons were performed using both the BLASTn and BLASTp algorithms (http://blast. ncbi.nlm.nih.gov/). A physical map was generated using EasyFig software. 14 The annotated nucleotide sequence of plasmid pAX22 has been submitted to the GenBank/EMBL database under accession number HF679279.
Results and discussion

General features of pAX22
The pAX22 plasmid is 28 466 bp and has an average G + C content of 62.2%. Annotation analysis revealed the presence of 33 open reading frames (ORFs), of which 5 are associated with replication and partitioning functions, 4 with transfer functions, 4 with putative toxin -antitoxin systems, 1 with site-specific DNA methylation, 1 with a putative virulence mechanism (serine protease), 12 with transposition and class 1 integron-associated functions, and 6 with unknown functions (Figure 1a and Table S1 (available as Supplementary data at JAC Online). pAX22 was not typeable by PCR-based replicon typing analysis. 15 
The pAX22 scaffold: comparison with related MGEs
The pAX22 scaffold was found to share significant similarities with that of pNOR-2000 (GenBank/EMBL accession number KC189475), a recently characterized VIM-2-encoding plasmid from the VIM-2-producing P. aeruginosa index strain COL-1, isolated in France in 1996, 16 and with that of TnCP23 (GenBank/EMBL accession number AY257539.1), a transposon integrated into the pKLC102 plasmid, which was originally described as a chromosomal genomic island of P. aeruginosa clone C, a successful clone spreading both in environmental and clinical settings ( Figure 1a) . 17 Comparative analysis of pAX22 with pNOR-2000 and TnCP23 revealed nucleotide sequence identities ranging from 98% to 100% for the replication and partitioning genes (repA, pinE, parA, parB and kfrA) and from 87% to 92% for the traACDG operons. pAX22 and pNOR-2000 also shared the same oriV replication origin, which showed 94% identity with that of TnCP23, differing from the former by a missing iteron copy. The scaffold of the three elements also carries genes for a putative toxin-antitoxin system (TOX1-TOX2) and for a serine protease (DegP). Serine proteases may represent virulence determinants and, even if the mechanism by which they influence virulence is not always known, they could be involved in pathogenicity. 16 The pAX22 genes for the TOX1 -TOX2 system showed a nucleotide sequence identity of 92% with those of pNOR-2000 and TnCP23, which in turn are 99% identical to each other; however, in pAX22 this system appeared to be non-functional because of several nucleotide insertions within the two ORFs. The degP gene of pAX22 was 98% identical to that of pNOR-2000, and more divergent (up to 66% identity for part of the ORF only) from that of TnCP23. Finally, pAX22 also carries an hsdFM gene, coding for a site-specific DNA methylase, which is lacking in the other two elements ( Figure 1a and Table S1 ).
Similarities were also detected between specific regions of the pAX22 scaffold and those of other plasmids from Gramnegative strains. In particular, the replication and partitioning genes repA, pinE, parA and parB showed 79% identity to those of the CTX-M-53-encoding pWES-1 plasmid from Salmonella enterica serovar Westhampton (GenBank/EMBL accession number NC011604.1), and 76% identity to those of a GIM-1-encoding plasmid from a clinical strain of Enterobacter cloacae (GenBank/ EMBL accession number NC021087.1), the latter also presenting 69% identity for the kfrA partitioning gene. Also of note, the traACDG operon showed 72% identity with that of the pAB5S9 plasmid from an environmental isolate of Aeromonas bestiarum mediating resistance to phenicols, sulphonamides, streptomycin and tetracycline (GenBank/EMBL accession number NC009476.1).
Integrons and transposons in pAX22 and related MGEs pAX22, pNOR-2000 and TnCP23 all carry a class 1 integron platform. The integron platform of pAX22 carries In70 (with an array of four resistance gene cassettes: bla VIM-1, aacA4, aphA15 and aadA1), while the integron platforms of pNOR-2000 and TnCP23 carry In56 and In7, respectively (each harbouring a single resistance gene cassette: bla VIM-2 in In56; aadB in In7). In each element the integron platform is associated with a Tn402-like transposon, which in pAX22 is partially defective with respect to the tni module, while in pNOR-2000 it is truncated within the tniB gene and in TnCP23 it is truncated within orf6 (Figure 1a and b) .
Upstream of the class 1 integron platform all three elements carry a copy of ISPa17, which is found in the same orientation in pAX22 and pNOR-2000 and in the opposite orientation in TnCP23 (Figure 1a ). ISPa17 is a 2145 bp element that has previously been described in IncP-type plasmids from P. aeruginosa 18 and from uncultured soil bacteria, 19 and also in the recently described GIM-1-encoding plasmid from E. cloacae. Unlike the majority of insertion sequences, ISPa17 contains the genes encoding two putative transposases and two additional genes encoding the T/AT1 -T/AT2 type II toxin -antitoxin system; 20 this system seems to be part of ISPa17, and its spread is apparently related to the acquisition of this element. According to this peculiar structure, ISPa17 appears to be an atypical insertion sequence.
Interestingly, although the putative transposases of ISPa17 do not exhibit any significant similarity to those of the Tn402-like transposons, ISPa17 is bounded by two 25 bp inverted repeats (IRs), IR-L and IR-R, that are very similar and identical, respectively, to IRi and IRt of Tn402-like transposons (Figure 1c ). This finding, previously reported by Bahl et al., 21 raises the possibility that Di Pilato et al.
these IRs can be targeted by the transposases of both ISPa17 and Tn402-like elements.
Acquisition of In70 by pAX22
Analysis of the pAX22 structure revealed some insights into the mechanism of acquisition of In70 by the plasmid backbone. In pAX22, the partially defective Tn402-like transposon associated with In70, henceforth named DTn402:In70, is bounded by typical 25 bp inverted repeats (IRi and IRt) (Figure 1b) . Analysis of the sequences flanking IRi and IRt of DTn402:In70, however, did not reveal the presence of any 5 bp direct repeats (DRs) that are molecular markers of the transposition of similar elements, 22 suggesting that DTn402:In70 was not acquired by the pAX22 backbone via transposition of this element. Interestingly, ISPa17 was not flanked by DRs either, whereas 5 bp DRs (5 ′ -GTGGC) are present flanking IR-L of ISPa17 and IRt of DTn402:In70 (Figure 1b) . Altogether these findings suggest that DTn402:In70 was acquired en bloc with ISPa17 via a transposition event that exploited the IR-L and IRt sites, most probably by recognition of IRt instead of IR-R by the transposition machinery because of the sequence identity between the two IRs. The complex transposable element composed of ISPa17 and DTn402:In70, apparently responsible for the acquisition of In70 by the pAX22 backbone, was named Tn7017 (Figure 1b) . At this stage it remains unclear whether the Tn7017 transposition event was driven by the ISPa17 transposases or by transposition functions provided in trans by a complete tni module of a Tn402-like transposon, and it will be interesting to further investigate the mobility of Tn7017.
Role of IncP-11 plasmids in the assembly of Tn7017
Analysis of the 113 bp sequence located between IR-R of ISPa17 and IRi of DTn402:In70 in Tn7017 revealed 100% identity with IN70 INTEGRON 
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the ParA -TraC-encoding region of IncP-11 plasmids (Figure 2 ). These plasmids are mainly reported from environmental settings and seem to play an important role in the horizontal transfer of antibiotic resistance determinants. 19, 21 In some IncP-11 plasmids, such as pKJK5 (GenBank/EMBL accession number NC008272) and pHH128 (GenBank/EMBL accession number JQ004406) plasmids from uncultured soil bacteria, a class 1 integron platform associated with a Tn402-like transposon and a copy of ISPa17 are found inserted within the ParATraC-encoding region at exactly the same points as in Tn7017 (Figure 2) .
Altogether, these observations suggest that the assembly of Tn7017 had occurred among these plasmids after an independent targeting of this region by ISPa17 and DTn402:In70 or precursors thereof. This hypothesis is supported by the presence, in Tn7017, of the sequences corresponding to the original 5 bp DRs produced after the independent insertion of the two mobile elements within the IncP-11 scaffold, flanking IR-R of ISPa17 and IRi of DTn402:In70, respectively (Figure 2) .
Although a similar mechanism could have been responsible for the acquisition of class 1 integron platforms by TnCP23 and pNOR-2000, the rearrangements that have occurred in the 3 ′ moieties of the respective Tn402-like transposons (Figure 1a ) prevent speculation about the precise mechanism of their acquisition. Indeed, the presence of the same sequence as in pAX22 between IR-R of ISPa17 and IRi of the Tn402-like transposon of pNOR-2000 suggests that, in that case also, a similar assembly of ISPa17 with the bla VIM-2 -harbouring class 1 integron had occurred among IncP-11 plasmids. However, since in pNOR-2000 this region is longer by one nucleotide (114 bp versus 113 bp) than that of pAX22, the two ISPa17-Tn402-like elements are derived from two independent assembly events and are not directly related to each other.
Conclusions
pAX22 is the first In70-harbouring plasmid to be sequenced. Analysis of its structure revealed new insights into the plasticity of In70 genetic contexts and on the recombination events that could have mediated mobilization of the bla VIM-1 -containing In70 integron platform to pAX22.
Interestingly, the presence of ISPa17 not only represents a novel In70 genetic context, different from any known chromosomal support thus far described, but also highlights the potential role that ISPa17 and related elements 18, 23 could play in mobilizing adjacent DNA regions containing highly similar IR sites. In order to evaluate the impact of a similar mechanism on In70 dissemination, further investigation will be needed. 
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